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rejection. The Examiner has rejected claims 1-9 under 35 U.S.C. 
103(a) as being unpatentable over Yu. As a basis for this 
r jection, the Examiner has stated that "the Yu patent 
publication discloses 'zinc-charged fetuin' which is apoptotic 
5 to cancer cells made by the addition of zinc acetate following 
the isolation of bovine fetal fetuin purified by the modified 
Spiro method; which 'zinc-charged fetuin' appears to be within 
the scope of the 'supercharged zinc fetuin' presently claimed." 
The Examiner further states that Yu teaches that fetuin produced 

10 by Sigraa lacks apoptotic activity due to the use of EDTA and 
that zinc is the critical ion necessary for apoptotic activity. 
Accordingly, the Examiner feels that it would be obvious to one 
skilled in the art to remove other ions with EDTA and then 
incubate the fetuin with zinc, 

15 Applicant respectfully traverses the Examiner's rejection 

because Dr, Yu was under an obligation to assign over her rights 
associated with zinc-charged fetuin to Ambryx Biotechnology, 
lnc. f which is the same entity to which the present inventor has 
an obligation to assign his inventions. 

20 Pursuant to 35 U.S.C 103(c), subject matter that is 

developed by another person, which qualifies under 102(e) as 
prior art shall not preclude patentability where the subject 
matter and the claimed invention were, at the time the invention 
was made, subject to an obligation of assignment to the same 
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person. As previously submitted , at the time the invention was 
made, Dr. Yu was under an obligation to assign it over to Ambryx 
Biotechnology, Inc. Further evidence of this is found in the 
two attached published articles. 
5 The two articles published by Dr. Tsai and Dr. Yu disclose 

the identical invention stated in Dr * Yu's application 
concerning zinc-charged fetuin. The two articles state that 
"[t]he fetal fetuin isolated from fetal bovine serum by th 
modified Spiro method was incubated with high concentration of 

10 zinc acetate (0.25M) at room temperature for 1 h. The unbound 
metal ion was then removed by repetitive concentration through a 
molecular sieve against 20 volumes of PBS repeated four times*" 
See Section 2*6, Fetal Fetuin Selectively Induces Apoptosis In 
Cancer Cell Lines And Shows Anti-Cancer Activity In Tumor Animal 

15 Models, Cancer Letters, 166 173-184 (2001) and page 1841, 
Embryonic Apoptosis-inducing Proteins Exhibited Anticancer 
Activity In Vitro and In Vivo , Anticancer Research, 21: 1839- 
1856 (2001). This is precisely what is disclosed in Dr. Yu's 
application. Dr. Yu's application states H [f]etuin purified by 

20 modified Spiro method was further incubated with Zinc Acetate ... 
(0.25M) at room temperature for 1 hr* Free ions were removed by 
repetitive concentration against 20 volumes of PBS three times." 
See paragraph 67. 
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Furthermore , both articles also disclose the importance of 
zinc to fetuin. In fact, section 3.3 of the article in Cancer 
Letters as well as section 4.3 of the article in Anticancer 
Research are both titled "Zinc is an important factor for the 
5 apoptosis-inducing activity of fetuin", and both of these 
sections are substantially indistinguishable from Dr- Yu's 
disclosure in paragraph 67. 

In addition to divulging the identical invention as that 
disclosed by Dr. Yu, the two articles clearly list f on the first 
10 page, Ambryx Biotechnology, Inc. as the company under which 
these inventions were created and published. This evidence, 
taken in conjunction with the assignment submitted in the 
previous response, demonstrate that at the time the invention 
disclosed in the Yu reference was made, it was subject to an 
15 obligation of assignment to Ambryx. Accordingly, pursuant to 35 
U.S.C. 103(c) , the Yu reference is not prior art against the 
present claims because both inventors had a duty to assign their 
inventions to a common entity, Ambryx Biotechnology, Inc. 
II. Conclusion , 

20 Based on this supplemental response, along with the 

response of October 21, 2003, it is Applicant's position that 
this application is in a condition for immediate allowance, and 
such action is respectfully requested. If the Examiner believes 
that a telephone or other conference would b of value in 
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expediting the prosecution of the present application, enabling 

an Examiner's amendment or other meaningful discussion of the 

case, Applicant invites the Examiner to contact Applicant's 

representative at Trojan Law Offices, 310-777-8399. 

Respectfully submitted, 
Trojan Law Offices 

Date: October 27, 2003 

Roy A. Kim 
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Abstract 

An apoptosis-inducing protein with molecular weight of 60 kDa has been purified from fetal bovine serum. The N-terminai 
unmo acid sequence of this protein (e.g. I-P- L-D-P-V- A-O-Y-K) reveals that it is bovine ferain, a fetal protein functioning to 
control embryogenesis. The upoptosis-ioducing activity of fetuin is totally dependent on zinc. Depletion of zinc ion from fetuin 
cir substitution of zjnc ion by barium Ion completely abolished the apoptosis-inducing activity of fetuin. Interestingly, while the 
fetuin isolated from fetal serum selectively induces apoptosis in cancer without affecting normal cells, the feroia isolated from 
nurture serum is completely inactive. This suggests that the biological activity of fetuin is under developmental rcgulatjon. In 
vivo, tumor animal model studies showed thai fetuin enhanced survival by up to 14 1 % in P388 leukemia animal model in mice. 
Fetuin was also found to inhibit prostate cancer formation in a PC-3 prostate cancer model in mice, <& 2001 Elsevier Science 
Ireland Ltd. All rights reserved. 

ATrvwrdK Embryo; Fetuin: Apoptons; Anticancer 



1. Introduction 

Apoptosis (programmed cell death), in contrast to 
the cell death caused by cell injury (necrosis), is an 
active process of gene-directed cellular self-destruc- 
tion that serves a biologically meaningful function (1 J. 
Apoptosis plays an important role in the human borjy 
from the early stages of embryonic development to the 
inevitable decline associated with old age. In the 
embryo, cell death is as essential as cell division 
and cell dfferentiation in properly regulating cell 
populations, organ formation and overall body 
tiuipe. In normal adult tissue, apoptosis occurs 
continuously in slowly proliferating cell populations 
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such as hepatic [2,3] and adrenal cortical epithelium 
(4) and in rapidly proliferating populations such as 
intestinal crypt epithelium [5] and differentiating 
spermatogonia [6]. 

We have been interested in the phenomenon that 
apoptosis is a highly active biological event in the 
embryo. Gltictemann has enumerated 74 separate 
examples of embryonic cell death in 1950 (7J. The 
factors) that induce(s) the numerous apoptosis events 
in the embryo is unclear. Inspired by the findings 
reported by Gerschenson's group that a heat- and tryp* 
sift- sensitive, apoptosis-indwetng factor was secreted 
by primary culture of rabbit endometrial ceUs [81, we 
hypothesized that certain embryonic tissues may 
secret soluble proteins that induce the highly activ 
apoptotic event in the embryo. To test this hypothesis, 
we tested whether fetal serum contains apoptosis- 
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inducing activity. This approach is based on the 
assumption that the soluble apoptosis-inducing 
proteins secreted by tbe embryo may control eel] 
death by acting in a paracrine, endocrine or autocrine 
manner; hence, fetal serum may contain such apopto- 
sis-inducing proteins. As we expected* an apoptosis- 
inducing protein was found in fetal bovine serum. 
This protein has been purified, sequenced and identi- 
fied to be bovine fetuin, a fetal protein that has been 
reported tn pfay an important role in embryonic devel- 
opment [9,10]. The fetuin-induced apoptosis was 
found to be Zn 3+ -dependem. More interestingly, we 
found that only the fetuin isolated from fetal serum 
contains apoptosis-inducing activity. The fetuin 
„ isolated from mature serum is completely inactive. 
Fetuin selectively induced apoptosis in cancer without 
having an effect in normal cell lines in a very rapid 
time course. Based on the selectivity, potency and 
rapidity in inducing apoptosis, fcruin may be devel- 
oped as an anticancer agent. This notion is further 
supported by in vivo animal studies, which showed 
the anticancer effect of fetuin in mice P388 leukemia 
and PC-3 prostate cancer models. 



2. Materials and methods 

21. Cell cultures 

The human promyelocyte leukemia cell line, HL- 
60 cells (CCL240; ATCC. Rockville, MD) were 
grown in R?MI 1640 (containing 20% fetal calf 
serum). The human metastatic prostate adenocarci- 
noma cell line. LNCaP (CRL 1740; ATCC) was 
grown in RPMI 1640 medium containing \5% FBS 
and penicillin-streptomycin (10,000 units/ml). The 
human colon carcinoma cell line, Colo 205 (CCL 
222; ATCC) was grown in RPMI 1640 medium 
containing 10% FBS. sodium pyruvate, sodium bicar- 
bonate and penicillin-streptomycin (10,000 units/ml). 
The human prostate adenocarcinoma cell line, PC- 3 
(CRL 1435; ATCC) was grown in HAMs F-I2 
medium containing 10% FBS and penicillin-strepto- 
mycin (10.000 units/ml). The human breast adenocar- 
cinoma cell line, MCF-7 (HTB 22; ATCC) was grown 
in Eagle's minima) essentia) medium (MEM) contain- 
ing 10% FBS, sodium pyruvate, non-essential amino 
acid, ] mM bovine insulin and penicillin-streptomy- 



cin (10.000 units/ml). Hie human lung carcinoma cell 
line. Calu-1 (HTB 54; ATCC) was grown in McCoy's 
3a medium containing 10% FBS and penicillin-strep- 
tomycin (10,000 units/ml). The human normal long 
fibroblast cell line, WI-38 (CCL 75; ATCC) was 
cultured in Eagle's MEM containing 10% FBS, non- 
essential amino acid and penicillin-streptomycin 
(10,000 units/ml). The human normal lung cell line. 
CCD-39Lu (CRL 1498; ATCC) was grown in Eagle's 
MEM containing 10% FBS, Eagle's BSS, non-essen- 
tial amino acid and penicillin-streptomycin (10.000 
units/mi). The human normal colon fibroblast, CCD- 
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2.2. Apoptosis assays 

Hoechst dye staining and MTT assays were used 
for apoptosis assay. The assays were performed in the 
presence of 5-10% FBS as described below. 

2.2.1. Hoechst dye assay 

Cultured cells (5.000 cells) were seeded in 10 uJ 
growth medium containing 10-20% fetal bovine 
serum at 37°C 5% Q0 2 in rmcrotray plates (25 n-I 
wells, Robbins Scientific Corp.)- The tested sample 
(10 jii), after the buffer was changed to PBS, was 
added 12 h after cells were seeded. After incubation 
of the tested sample with cells for 15 h, 2 fd of 
Hoechst 33258 (0.1 jLg/ml in PBS) was added. Two 
hours later, cells that were stained with Hoechst dye 
were examined under a fluorescence microscope. The 
nuclei of apoptotic cells showing DNA condensation 
and fragmentation are easily identified by Hoechst 
dye staining. The percentage of apoptotic cells is 
calculated using the following equation: % Apoptotic 
cell Number of cells with DNA condensation and/ 
or fragmentation/Total cell number. 

2.12. MTT assay 

The MTT assay has been widely used as a cytotoxi- 
city assay. Cells grown in 96-well mjcrotiter pjaw 
(200 \l\ containing 10* cells) were incubated with 
ThiazoJyl Blue (MTT, 125 txg/ml) for 4 h at 37°C 
The reaction may be stopped earlier if the color devel- 
ops rapidly (this depends on the cells in questionj. At 
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^ tfn d of the incubation period, the plate was cencri- 
rUi!C d m J 200 revVm'm for 5 min. The supernatant was 
fCt "m)ved. leaving 50 u.1 in each well to ensure that no 
. e \\+ ^e aspirated. To this 100 u.1 0.04 M HCi in 
,^»pftipanol was added to each well. This solution 
^nunilized the formazan product and produced a 
homogeneous solution suitable for measurement of 
optical density. After a 5-min incubation at room 
lcf nperature to ensure that all the crystals were 
jjsMiJved. the plate was read on a microELJSA reader 
u ^w£ a test wavelength of 595 nrru The advantage 
u imJ disadvantage) of this assay is that it is quantita* 
xwc but not qualitative. Any cell death, apoptotic or 
rtocTtitic, may be detected by this method. This assay 
,s u^:d cornplemencarily with the Hoeehst dye assay. 

; Preparation of genomic ON A for agarose $el 
tinnfysis of DNA fragmentation 

Cultured c^lls (10 X 10 6 ) were digested by incubat- 
with digestion buffer (10 mM Tris-HCl (pH 8.0) 
vll "niaining 100 mM NaCl, 25 rnM EDTA. 0.5% 
nullum dodecyl sulfare and 0.2 mg/rnl proteinase K) 
at 5<J ? C for 18 h. Cell lysate was then extracted twice 
\*ith phenol following by twice with phenol/chloro- 
lurm M : 1) and twice with chloroform/isoamyl alcohol 
,J4 lj. Genomic DNA was extracted from the 
aqueous layer by cold 100% ethanol after proteins 
uere removed by phenol and chloroform extraction. 
DNA pellet was rinsed for 5 min with 70% cold etha- 
nol. Ethaool was decanted or aspired and pellet was 
Jrted completely. DNA pellet was then resuspended 
m TE buffer and digested with 0.2 mg/roi DNAse-free 
RNAse. Genomic DNA was developed by 2% agarose 
gt? I at 55 V for 5 h. Gel was stained by ethidium 
bromide (0.4 u,g/ml) for at least 30 rain. 

2. -A Purification of apopxosis-inducinz protein from 
fetal bovine serum 

LNCaP cells were routinely used in the assays for 
the purification of spoptosis-inducing protein present 
m fetal bovine serum. The apoptesis-inducing protein 
was purified by the following procedures: 

2JJ- Ammonium sulfate precipitation 

Fetal bovine serum (100 ml, BioWhittaker) was 
treated with 80% saturated ammonium sulfate (56.1 
*i Precipitate was collected by centxifugation and 



dissolved in 100 ml Tris-HCl (20 mM. pH 7,5). 
Ammonium sulfate was removed by dialysis against 
the same buffer overnight, insoluble precipitate was 
discarded after cenrri fixation. Protein solution was 
concentrated to 10 ml 

2 A. 2. HydroxyUtpathe Treatment 

After removal of ammonium sulfate by dialysis in 
10 mM Tris-HCl (pH 7.5), the dissolved proteins 
were incubated with hydroxy lapatite gel (Bio-Gel 
HTP gel. Bio-Rad) for 1 h. After removing HTP gel 
by centrifugation. an activity inducing apoptosis in 
LNdP cells was found in the supernatant which 
was then further treated with heparin agarose gel. 

2.4.3. Heparin agarose treatment 

The supernatant from Section 2.4.2 was further 
incubated with heparin agarose (Sigma) for I h. 
After removing heparin gel by cemrifugation* the 
activity inducing apoptosis in LNCaP cells was 
found in the supernatant. 

2.4 .4. Reverse phase chromatography 

The apeptosis-inducing protein presents in the 
supernatant of heparin agarose in Section 2.4.3 was 
further purified by a reverse phase chromatography. 
Protein sample was concentrated to ! mi. One milli- 
liter of methanol containing 0 05% trifluoroacetic acid 
(TFA) was added. A large amount of proteins was 
precipitated by this treatment, whereas the apopto- 
sis-inducing activity remained in tbe supernatant. 
The supernatant was then applied to a reverse phase 
RP-4 column (Micra Scientific Inc.) and developed by 
a linear gradient coosisring by solution A (H 2 0, 
0.05% TFA) and solution B (methanol, 0.05% 
TFA), The linear gradient was created by increasing 
solution B from 0 to 100% in solution A in 10 min (20 
ml elucion volume) and thereafter, the column was 
eluted with 100% solution for 5 min. The purity of 
the isolated apoptosis-inducing protein was deter- 
mined by a SDS-polyacrylamide gel stained with 
silver staining. A single protein band with molecular 
weight of 60 kDa was obtained (fig. 2). 

2.5. Purification of fetuin from fetal bovine serum 

Bovine fetuin was prepared by a modified Spiro 
method [11 J. 
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(1) Two hundred milliliters of 0 05 M zinc acetate 
containing 30% (v/v) ethanol was added to 100 ml of 
fetal bovine serum (FBS): pH was adjusted to 6.4 by 1 
M NH4OH-NH4CI, and left to stand for 15 h at -5°C 
(2) The supernatant was collected by centrifusarion, 
1,0 M barium acetate and 95% ethanol added to give 
0.03 M barium acetate, 25% ethanoL This was left to 
stand for 2 h at -5*C- (3) The supernatant was 
collected by centrifugation, and 95% ethanol added 
to give 40% ethanol. This was left to stand for 16 h 
at - J0°C. (4) The precipitate was collected by centri- 
fugauon. The peljet was dissolved nting phosphate- 
buffered saline (PBS). Free line acetate and barium 
acetate were removed by repetitive concentration 
through a molecular sieve against 20 volumes of 
PBS for repeated four times. The modified Spiro 
method differs from the original Spiro method in 
that no extensive dialysis nor chelating agent (triso- 
drum citrate) treatment was used in our preparation. 
The purified fetuin showed a single protein band with 
apparent molecular weight of 60 kDa on SDS-poIy- 
acrylajnide gel electrophoresis. 

2.6. Preparation of 2n 2 * -charged feial fetuin 

The fetal fetuin isolated from fetal bovine serum by 
the modified Spiro method was incubated with high 
concentration of zinc acetate (0.25 M) at room 
temperature for 1 h, The unbound metal ion was 
then removed by repetitive concentration through a 
molecular sieve against 20 volumes of PBS repeated 
four times. 

2.7. Preparation of mature fetuin 

The mature fetuin was prepared by the same 
method for fetal fetuin preparation, except that adult 
bovine serum, instead of fetal serum, was used for the 
preparation. 

2.8. In vivo tumor animal study (P388 leukemia 
model I 

Forty DBA/2 female mice (17-20 g) kept on a 
standard diet and water ad libitum were inoculated 
with tumor cell line P388D1 (ATCC; CCL 46). 
Freshly harvested tumor cells were diluted with 
saline. One million cells were Injected intraperitone- 
al ly. The mice were randomly segregated into groups 



of ten and housed in shoebox cages. Zn* -charged 
feia! fetuin was mtraperitoneally injected into group 
I (I mg/kg). group II (10 mg/kg) and group III (100 
mg/kg). A control group (group IV) was included and 
injected with saJine on the days that the tested animals 
were treated. The injection were continued for 10 
days. Mortalities were recorded dally. Results are 
expressed as the percentage increase in life span 
(US); ILS= 100 X (Median Life Span Treated - 
Median Life Span ControlledyLife Span Controlled. 

2.9. In vivo tumor animal study (PC-3 prostate cancer 
model) 

Male nude mice (25-30 g)were used in this study. 
The prostate adenocarcinoma cell; PC-3 (2 million 
cells) were injected on the upper half of the dorsai 
thorax of the mice. The tumors were allowed to 
grow for 6 weeks. The mice in the control group (no 
treatment) received 0.1 ml saline intraperitoneal ly for . 
5 days and the mice in the treated group received 50 
mg/kg fetuin. Treatment started the day after tumor 
inoculation for 5 days. Six weeks after the Inoculation 1 
of tumor, mice were killed and tumors were removed - 
and weighed. f 

i 

3. Results 

J. 7. Fetal bovine serum contains apeptosis-inductng 
activity in LNCaP cells 

LNCaP cells grown in 10|il RPMI 1640 medium 
containing 15% FBS were incubated with the control 
buffer or the fetal bovine serum extract for 1 5 h and 
then stained with Hoechst dye for 2 h. We found thui 
the nuclei of the cells chat had been incubated with 
control buffer (BSA in PBS and RPMI containing 
7.5% FBS) were normal and healthy. However* the 
nuclei of the LNCaP ceils that had been incubated 
with the fetal serum extract (PBS and RPMI contain- 
ing 7.5% PBS) showed the characteristics of apopu>- 
sis. First, the fetal serum extract causes il* 
condensation of nucleus, which is demonstrated b> 
ihe more intense fluorescent light compared with tJw 
control nucleus. Secondly, the nuclear condensation \> 
accompanied by the fragmentation of DNA* which i> 
demonstrated by the breakage of nucleus (data no* 
shown). To further biochemically demonstrate 
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„iJ notion of apoptosis by fecal serum extract, genomic 
pS A extracted from the LNCaP cells and run on 
y; agarose DNA get. As shown in Fig. L a so- 
^Ucd DNA ladder was observed in the experimental 
',r.iup. suggesting the induction of apoptosis in 
^SCiiP cells by fetal scrum extract. The apoptosis- 
inducing activity in fetal bovine serum was found to 
sensitive to proteinase K, which suggests the 
protein nature of this activity (data not shown). 



(A) (B) 



R$v J* Agmros* gd (2%) deetrophofWis of DNA extracted from 
cultures of LNCaP cell* incubated with fgtal bovine serum extract. 
Genomic DNA prepared frtm LNCaP cells (10 6 cdl$) was devel- 
oped by 2ft tgarosc gel ai 55 Vs for i b. CM was stained by 
ethidlum bromt4* (0.4 */ml) fof ar leut 30 rain. (A) Control; (B) 
iVul bovine serum extract. 



LNCaP cells were then routinely used in the assays 
for the purification of the apoptosis-inducing protein 
present in feta! bovine serum. Using the procedure as 
described in Section 2. the apoptosis-inducing protein 
was purified to homogeneity from fetal bovine serum. 
As shown in Fij>. 2, a single protein band with a mole- 
cular weight of 60 kDa was obtained, this protein band 
was then transferred to PVDF membrane and the N- 
termjnal amino acid sequence was determined. An 
amino acid sequence of f-P-L-D-P-V-A-G-Y-K wa* 
obtained. GenBank BLAST search showed that this 
sequence is identical to the N-terminal amino acid 
sequence of bovine fetuin. 

J.Z Fetaf fetuin isolated by a modified Spiro method 
induces apoptosis 

To farther confirm that bovine fetuin per se 
contains apoptosis-inducing activity, we tested the 
fetuin purified from fetal bovine serum by a modified 
Spiro method. As shown in Fig. 3. the fetuin purified 
by % modified Spiro method strongly induced apopto- 
sis in certain cancer cell lines such as: LNCaP (human 
metastatic prostate adenocarcinoma), PC-3 (human 
prostate adenocarcinoma), HL-6Q (human promyelo- 
cyte leukemia), MCF-7 (human breast adenocarci- 
noma), Colo 205 (human colon carcinoma) and 
CaJu-1 (human lung carcinoma). Non-cancerous, 
normal cell lines such as WI-38 (human normal 
lung fibroblast), CCD-39Lu (human normal lung) 
and CCD-I8C0 (human normal colon fibroblast), on 
the other hand, are not affected by feruin. The 
morphological demonstration of the induction of 
apoptosis in cancer cell lines (LNCaP, HL-60 and 
Colo 205) by fetuin is shown in Fig. 4. The incubation 
of fetuin (2 M) results in the condensation and frag- 
mentation of DNA, which are demonstrated by a more 
intense fluorescence and breakage of nuclei, respec- 
tively. Normal cell line, WI-3S, CCD-39Lu and CCD- 
I8C0, as shown in Fig, 4, are not affected by the 
incubation of fetuin. 

3 J, Zn 7 * is an Important factor for the apoptosis- 
inducing activity of fetuin 

The Zn^-charged or Ba 2+ -charged fetuin prepared 
as described in Section 2 were tested in LNCaP cells. 
As shown in Fig. 5, Zn 2 * -charged fetuin strongly and 
rapidly induced apoptosis with an activity higher than 
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I'iy. 2. SOS-pnly : »erylitiniik: jicl cleclP»|'>fiorV*i;« nl* pin ilieil ;i|>tipio- 
sis-iiulncio" prole in ftxnn tela I bovine scinm. "Hie iipopnwis-iiidti- 
cuig onMciii was r*irilivO lr<»»i Cecil hoviiK! sci'tnO cJcscrihcil in 
Seciion 2. Protem (2<> M.D w:is Irudumnictl Hy 4-211'* juailiem JU'I 
ami silver M;iiiKxl. 1»* :i ^puttie run. ulvtil 200 nl proleiu sample 
\V;is i nit Mi) :*d :nul sUlineil «'illi 0«>nui>*ie Muc. "Ilw p«nci» l*liml 
w;is llicii iranslenvd io a l'VQ|- moinhrane lor N-icniihKil amino 
iicid mkihuiiul* UclCT) nidation. 



that of the originally uncharged fetuin. The inductiri 
of apoptosis in LNCaP cells by 2rr + -charged feiuin 
so strong and rapid that almost 100% of LNCuP cd 
was under npoptosis in 4 h. On the other hand, Bu i 
charged fetuin failed to show any activity inducin 
apoptosis in LNCaP cells. The same result is obtain- 
in an assay using Colo 205 cells. This result su^r 
that Zn 2 * is necessary for fetuin to induce apopiosi 
Substitution of Zir + by Ba :+ complcicly abolish 1 1 
apoptosis-iiKlucing activity of fetuin. Zn 2+ -ch*r£ 
fetuin induced apopcosis in various cancer cell liir 
in a dose-dependent manner. The LD$n of fetuin 
induced apoptosis in each cell line is shown 
Table I > The relative sensitivity of cancer cell Un- 
to fetuin is; LNCaP « PC-3 > Caiu-I > HL-60 
Colo2()5 > MCF-7 > Hep G2. whisrcu* the llv 
normal cell lines. CCD-.^Lu, CCD-ISCo and 
38, seem to be insensitive to Zn 2+ -charge fcur 
Fig. 6 shows the lime course of the induction of ano 
tosis in tumor cells by Zir "-charged fetuin. We ju 
thal fetuin rapidly induced apoptosis in cancel ce 
lines. Zn :+ -charged fetuin caused cell shrinkage i 
DNA condensation in LNCaP. PC-3. Colo 205, HL 
and C;» lu- 1 cells in us sliort a lime as 15 tnin (Fie. 




J* y JP 4* J ^ 



l-'iy. 3. lumiin iiuliicctl apoplosis in v:iri<nJs euiieci" cell linen. fcl? 
was purl lied by :i ip<nliiiul Spirt » met tux) :i.s dcscrilKj i« $ t% - ,1<m ^ 
Al'tci* llw biiiYcf Wiis l'Ii:iiii:c<I In PUS hy iV|H!»ilivc ciHicin '*»" ) 
n mulciiili: sieve. iLMiiifi *2fA) f*,^mh whn iiK'iiixuctl ^'itii ■ 
cells lor lull. Cell* wov iJ**i) s*:ilncU by HivctisJ (0.1 1^ 
lur 2 li mill in^Kc'ieil tiiitk-T i\ IliMiivsctiiicu micrt>sev»pi.'. P° 
a'prcscnis lite iivci^::c nl'ilnvc ;iN*uys. Tuicc uiikhmh ol '/.mh* :it ^ 
;tmt Kirimn :»:oi:iii: may renwin in ilio I* •! pivtvintion. Ail 
cell Jiihin nrc imi iin'cdwl hy ziite iicciate or hariuni nccial^ i,|,,w; - i 
.ill tlx* eniuXiiimiioti.N Icsictt tup io6<> M>. 
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Pig. 5. Indoc^oo of apoptosis in LNCaP c»in by fentin, Zn 1 *- 
charged fenan and Ba Charged fetuin. The fetuin (3 jtM) purified 
by « modified Spiro method was iocubiced with zinc tccutt or 
barium aefttiie (0.25 M) « pooro temperature foe 1 h. Free lonj 
were removed by rcpcwiv© concentration against 20 volumes of 
PBS ifarce limes Fetuin, Zn^-chargcd fiwubu B* 2 ""-charged ferujn 
and PBS were then separately incubated w(ih LNCuP eelh for A b. 
Percentage of cells under lpopcouu wai determined by Hocchst dye 
"fining and eoofUmed by MTT assay. Each point represent* th« 
overage of two assays. 

3.4. /^toA £ur nor mature fetuin contains apoptosis' 
inducing activity 

Fetal fetuin and mature fetuin isolated from fetal 
bovine seium and mature bovine serum, respectively, 
were tweed on LNCaP cells. We found that the fetuin 
isolated from fetal bovine $eruro strongly induced 

Table ) 

U)» of fetuin-indticed a po ptosis in various cell )jnef* 



Cell line 



LNCaP 


1 


PC-3 


1 


Cola 203 


5 


Calo-I 


4 


HL-60 


5 


MCF-7 


8 


HepGl 


20 


CCO-39U 


>10£> 


CCIMSCo 


>100 


WJ-3S 


>100 



1 Vahoui concentrations of Zn : ~ -charged fetuin prepared 4s 
described in Fig. 5 were incubnetJ with cell lines fo# 6 h- Percentage 
of cells under apoptosis was determined by Hocchsi dye staining 
and confirmed try MTT assay. The concemration of 2n : * -charged 
fetuin for the induewn of 50<* of cell* under apoptosis (CD^J wai 
determined- Euch datum represents (he average of three asttuy^, 



apoptosis in LNCaP cells, whereas the fetuin (at the 
same protein concentration) isolated from mature 
bovine serum showed no activity inducing apoptosis 
{Fig. 7). Thi$ result may suggest the molecular change 
of fetuin during development. 

3.5. Antileukemic! effect effctai fetuin in mice 

Tabic 2 shows the increase of survival of leukemia- 
bearing mice treated with fetal fetuin. It was found 
thai while 100% of untreated mice (injected with 
saline) were dead after 24 days. 80% (eight of tenj 
of mice injecied with high dose (100 mg/kg) of fetal 
ieruin survived after 58 days. This experiment showed 
that the treatment of fetal fetuin increased the life span 
of P3S8 leukemia-bearing mice by 141%. 

3.6. Fetuin completely inhibited prostate cancer in 
mice 

As described in Section 2, 6 weeks after the inocu- 
lation of tumor, nude mice were killed and tumors 
were weighed. While tumors (average weight 325 
mg) developed in 13 of 13 mice in the control group 
(treated with saline), none of the nine mice treated 
with fetuin (50 rag/kg) developed any tumor (Fig. 8). 

Fetuin seems to completely inhibit the formation of 
prostate cancer (PC-3) in this experiment. 

4. DUcussiou 

Fetuin was first identified over five decades ago [1 21 
The present finding is the first report showing thai 
fetuin induces apoptosis. The main reason that the 
apopiosis-irtducing activity of fetuin was not found 
previously is that the apoptosis-inducing activity of 
fetuin is largely affected by the method of preparation 
For example, fetuin prepared by Zuic'VethanoI preci- 
pitation (Spiro method) is able to induce alkaline phos- 
phatase but fails to inhibit trypan [13], whereas fetuin 
prepared by the Pedersen method [ 1 2 J is able to inhit»> 
trypsin without inducing alkaline phosphatase [13 J-*)- 
In the present study, we prepared the fetuin 
contains apopto$i*-mducing activity by a modify 
Spiro method, which, unlike the original Spiro method 
does not use prolonged dialysis or chelating agent mj-I* 
as uisodium citrate. Hence, the fetuin we prepared nv> 
remain in a 2n = "-charged form. Furthermore, ih* 
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40 60 

Time (min) 

Fti!. 6- Time course of the induction of apoptosis in cancer cell lin«. Zn 5 * -charged few in (5 u.M) prepared as described in Fig. 2 was incubated 
* iih cell Jincs. At various time intervals, cells under apoptosis (cell shrinkage and DNA condensation) were determined by Hoechst dye siaining 
afld inspected under a fluorescence microscope. Each point represents the average of two assays. 



apoptosis-inducing activity of fetuin we prepared can 
be further enhanced by incubation with high concen- 
tration of zinc ion, whereas incubation of barium 
completely abolished the apoptosis-lnducing activity 
idea ago [12] W of fetuin (Fig. 5). Theses results suggest that fetuin 
showing thaSf induced apoptosis in a Zo 2+ -dependent manner. The 
5on thai tht& preparation offecuin by the Federsen method [12] does 
is not fbuntml not involve the treatment of zinc ion and hence is inac- 
g activity oJH live in inducing apoptosis. 

preparadonH Fetuin is expressed at very high levels throughout 
thauol preciSl the long gestational period of bovine and accounts for 
lkalinephos« up ro 50% of the total fetal serum protein [15]. 
sereas fetuidB However, the concentration of fetuin in sheep and 
b!c to inhibbw bovine serum drastically reduce in adult to 1-2% of 
tase [13,14Sh the fetal level [9]. Although the quantitative change of 
fetuin thaMl fetuin during development seems to be obvious, the 
a roodifietBI qualitative change (if any) of fetuin during develop- 
piro methodH ment is unclear. It is known that an enzyme such as 7- 
g agent suclff cluramyltransferase changes its structure and activity 
reparedmaw during development. Expending on the developmen- 
srmore, tbt£ toI stage, the 7-gIutamyltransferase exist* as two 




F)£. 7. Fetal, but not malun fetuin domains apoptoiinnduclng 
activity. Pernios were separately purified from fetal bovine serum 
oc mature bovine serum by a modified Sptro method as described. 
Equal traoAint of fetal or mature fetuin (5 piM) was Incubated with 
LNCaP cells for 12 h. Percentage of cells under apoptosta waj 
determined by Hoechst dye staining and confirmed by MTT 
as My. Each point represents the average of two assays. 
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OifTcrcm lypcs with di Herein ueliviiy; a siulie acrd-ncll 
Jclal lypc and a sialic acid- poor adull type 1 In the 
present sludy. wo round dial Icluiii isolated from fetal 
scrum sironttfy induced :i|>t>pu>sis, whereas ll>c leluin 
isolated from mam re hovine serum is completely 

Control 
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inactive. This result suggests a possible ifiialh alive 
change of Icium during development. A preliminary >• 
nl tempi to dilTcrentiale leinl Icluin from mama* leltiiii 
si lows i luu J hoy Miaw similarly on hydroxy la paiiic 
and anionic exchange dimmaloeraphics. However, 

Fctuin 
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n c dution profiles of few I and mature fctuins on a 
• (lf1 chromatography were found to be 

^tuiicantly different (unpublished observation). This 
Jtion suggests that a developmental change on 
^ .*h cosy lated state of fetuin. which affects its apop- 
. iW ,s-inducing activity, may occur. The molecular 
jtil'erence between fetaJ and mature fctuins is 
.jnvntly under investigation, 
Fctuins arc members of the cystatin superfamlly of 
- n »k'ini possessing two tandemly Arranged cystatin 
>»nuins and a third domain rich in proline and 
riwine. Secondary modifications, jV-glycosylation, 
j^lycosylation, Ser-phosphorylation, and proteolytic 
•jessing have all been described for a variety of 
trfuins from several species [17-20]- Despite this 
* t -alih of information on the structure of fctuins, 
: j>eir biological function is still far from clear. 
{:v ijence suggests that fetuin may play an important 
, n Jt' in embryonic development; during mouse embry- 
^enesis, fetuin mRNA is expressed in a number of 
je\ eloping tissues and organs, including the heart, 
; u rt£. kidney* nervous system and liver (9]. In addi- 
tion, fetuin mRNA is expressed in the developing 
] in iP buds of 12-day mouse embryos but not at 16 or 
|Q Jays of gestation [91. Furthermore* irrununohisto- 
t-hcmical study found that the colloid material (aggre- 
^ate of dead cells) of developing human pituitary 
gtand contains fetuin throughout the nrst half of gesta- 
uvn [10]. This finding prompted the suggestion that 
fetuin is part of a homeostatic system, which controls 
remodeling and physiological cell death during devel- 
opment [10]. In this regard, our current finding chat 
fetuin contains apoptosis- inducing activity seems to 
consist with the conclusion made by this tmmunohis- 
rochemical study. 

The mechanism by which fetuin induces apoptosis 
k currently unJcnown. Fetuin has been found to induce 
jlkaline phosphatase [14], a protein that is able to 
induce apoptosis [21]. Data indicate that when alka- 
line phosphatase is expressed in high levels, cells axe 
more likely to die because of apoptosis [21]. Previous 
Jala also have shown that in rodents, high levels of 
jlkaline phosphatase expression are found in fibro- 
Masis adjacent to bone and tooth surface where high 
numbers of apoptotic cells are found [22,23]. These 
results raise the possibility that induction of alkaline 
phosphatase may represent a mechanism by which 
jpoptpsis is induced by fetuin. 



Fetuin- induced apoptosis was found to be highly 
selectively, We found thai Zn" "-charged fetal fetuin 
selectively induced apoptosis in cancer cell line*; with- 
out having an effect in normal cell lines. For example, 
fetuin strongly (>90?c) and rapidly f<l h) induced 
apoptosis in HT-29 cells (human colon adenocarci- 
noma) and Caiu-1 cells (human Jung carcinoma) with- 
out having an effect in CCD-ISCo cells (human 
normal colon fibroblast) and CCD-39Lu cells 
(human normal lung fibroblast). Based on the selec- 
tivity, potency and rapidity in inducing apoptosts in 
cancer cells, fetuin may be developed as an anticancer 
agent. This notion was further tested on tumor animal 
model studies. In the P388 leukemia model, we found 
that fetuin enhanced survival rate by up to 141% in 
leukemia^bcaring mice, (n the PC-3 prostate cancer 
animal model, fetuin seems to completely inhibit the 
formation of prostate cancer in mice. These results 
strongly support the notion that fetuin may be devel- 
oped as an anticancer agent. 
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Abstracts 54 Kd apoptosis*inducing protein with novel amino 
acid sequence has been purified from the conditioned medium of 
the embryonic cell One, C3H 20T1/2 ceils. An apoptosis- 
inducing protein identified to be fetal fetuin and a 60Kd 
apoptosis-inducing protein have also been found in fetal serum 
and fresh embryo extract, respectively. Interestingly, a common 
characteristic of these embryonic apoptosis-inducing proteins is 
that they selectively induced apoptosis in cancer without affecting 
normal cells. For example, the 54Kd protein selectively induced 
apoptosis in 10 out of 12 cancer cell lines without affecting 22 
normal cell lines we tested. Fetal fetuin, on the other hand, 
selectively induced apoptosis in 5 cancer cell lines without 
affecting the 3 normal cell lines we tested tit vivo, tumor animal 
model study showed that feud fetuin enhanced survival in 
leukemia-bearing mice and strongly inhibited the formation of 
prostate cancer m a PC~3 prostate cancer model in mice. A 
working hypothesis has been proposed to aid in the study of the 
mechanism by which the embryonic apoptosis-inducing proteins 
selectively induced apoptosis in cancer without affecting normal 
cells. This hypothesis states that due to the retro- diffsrentiaticnal 
characteristic of malignancy, cancer cells may re-express the 
signal transduction machinery for development-related apo- 
ptosis, which is otherwise to be normally expressed by embryonic, 
but not by adult cells. The embryonic apoptosis- inducing 
proteins may therefore induced apoptosis in cancer but not in 
normal cells and may be developed as an anticancer agent. This 
new concept may constitute a new approach for cancer therapy, 
which we tentatively, designated as "RtTro-difftvtntiationai 
Apoptosis Cancer Therapy*. (R-ACT). 

Apoptosis (programmed cell death), in contrast to the cefl 
death caused by cell injury (necrosis), is an active process of 
gene-directed cellular self-4estraction and that it serves a 
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biologically meaningful function (1). Apoptosis play* an 
important role in the human body from the early stages of 
embryonic development to the inevitable decline associated 
with old age. In the embiyo, cell death is as essential as cell 
division and cell differentiation in properly regulating cell 
populations, organ formation and overall body shape* la 
normal adult tissue, apoptosis occurs continuously in slowly 
proliferating cell populations such as hepatic (2, 3) and 
adrenal cortical epithelium (4) and in rapidly proliferating 
populations such as intestinal crypt epithelium (5) and 
differentiating spermatogonia (6). 

We have been particularly interested in the phenomenon 
that apoptosis is a highly active biological event in embryo. 
Glucksmann has enumerated 74 separated examples of 
embryonic ceil death in 1950 (7). The factor(s) that induce(s) 
the enumerous apoptosis event in embryo is unclear. Inspired 
by the findings reported by Gerschenson's group that a heat 
and trypsin- sensitive, apoptosis-indudog factor was secreted 
by primary culture of rabbit endometrial cells (8), we 
hypothesize that certain embryonic tissues may secret soluble 
proteins that induce the highly active apoptotic event in 
embtyo. To test this hypothesis, we tested whether apoptosis- 
inducing protein can be isolated from embryos. Evidences 
reported in the present study seem to support our hypothesis 
that embryo may secret certain apoptosis-inducing proteins. 

Furthermore, based on the characteristics of these fetal 
apoptosis-inducing proteins and some well-known biological 
phenomena, we have proposed a novel approach for cancer 
therapy. In this paper, we will provide the evidence showing 
that the apoptosis-inducing proteins secreted by embryo may 
be developed as a novel class of anticancer agent. The 
scientific rationale behind this novel approach for cancer 
therapy will also be discussed 

Materials and Methods 

Ciil brus. Th* human promyelocyte Jtmlccrata cell line, HL-60 cells 
(CCL240; ATOC, RockyOlc, MD) were g/own in RPMT 1640 (containing 
20% fetal caif scrum). Tbe human metastatic prostate adenocarcinoma 
cell line, LNCaF (CRL 1740; ATCC) were grown in RPMI 1640 medium 
containing 15% FBS atid PcnidUui-Stjrsptomycin (lOjOOO UAnt). Tda 
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human colon carcinoma cell line. Coin 205 (CCL 222: ATCC) -were 
grown in RPMt 1640 medium contain inc. 109$ FBS, sodium pyruvate, 
sodium bicarbonate and Penicillin-Streptomycin (10,000 U/ral). The 
human prostate adenocarcinoma cell line, PC-3 (CRL 1435; ATCC) 
were grown in Horn's F-12 medium containing \Q% FBS and Penicillin- 
Sttcptoinycin (IQ.GOQ U/cnl). The human breast adcaocatcinoma cell 
line* MCF-7 (HTB 22, ATCC) were grown in Eagle's MEM medium 
containing 10 % FBS, sodium pyruvate, non-essential amino acid, ImM 
bovine insulin and PcniciUin-StfeptOmycln (lO.QOO U/ml). The human 
iiing carcinoma cell line. Calu-l (HTB 54; ATCC) Were grown in 
McCoy's 5A medium containing 10% FBS and Penicillin-Streptomycin 
(10,000 U/ml). Human normal lung fibroblast cell line. Wi-38 (CCL 73, 
ATCC) were cultu fed in Eagle's MEM medium containing I09r FBS, 
non-essential amino acid and Penicillin- Streptomycin (10,000 U/ml). 
The human normal lun* cell lit*. CCD 39 Lu (CRL 1498, ATCC) were 
grown In Eagle's MEM medium containing 10 % FBS, Eagle'* BSS. non- 
essential amino acid and Penicillin-Streptomycin (10,000 U/ml). The 
human normal colon fibroblast, CCD 13 Co (CRL 1459; ATCC) were 
grown in Ease's MEM medium containing, I0& F5S, Eagla's BSS. non- 
essential amino icid and Penicillin-Streptomycin (10,000 U/ml). 

Reagents. Dulbecco's Modified Eagle Medium, McCoy's SA medium and 
fetal bovine serum Are purchased from OIBCO. The following media 
and reagents arc purchased from Media tech: AJpha Minium Essential 
Medium, Minimum Essential ea$le Medium, Ham s F-12, RPMI- 1640, 
Ham's F-10, Non-esscmtal amino acids, Penicillin-Streptomycin and 
Trypsin-EDTA. 

Preparation of conditioned medium. C3H 10TI/2 cell* were first grown 
in Alpha Modification of Eagle's Medium (alpha- MEM) containing 10 
% fetal bovine serum (FBS) for 3 day*. Cells were then washed with 
Phosphate Buffer saline (PBS) (3X100 ml) to remove serum and then 
grown in alpha- MEM containiog no FBS for 4 days, The conditioned 
medium wax then collected after cell debris was removed by filtration, 
Conditioned media of other cell Hives are prepared by the sajfl* 
protocol in each individual suitable growth medium containing no 
FBS. 

Apopious assays. Hoechst dye staining and MTS assay* were used for 
apoptosis assay. The assays were pe t Tunn ed in the presence of 5-10% 
FBS as described below: 

(a) Hoechst dye assay, Cultured cells (5,000 cells) were needed in 10 
microliters growth medium containing lti%-20% Fetal bovine serum at 
37 degree, 5% CO: ill microtriiy plates (25 (U wells, Robbim Scientific 
Corp.). The tested sample (10 (U), after the buffer was changed to 
suitable growth medium, was added 12 hours aft«T cells were seeded. 
After iocubution of the tested sample with cell*, for 15 hours, two 
microliters of Hoechst (0.1 iig/ml in PBS) were added Two hours 
later, cells that were stained with Hoechst dye wen* examined under a 
fluorescence microscope. The nuclei of apoptotic cells showing DNA 
condensation and fragmentation are easily Identified by Hoechst dye 
staining. The percentage of apoptodc eell« is calculated using the 
following equation: 



% Apoptotic cell i 



number of cell with DNA condensation aooVur fragmentation 
Total cefl number 



(b) MTS assay: The MTS assay has been widely used as a cytotoxicity 
assay. The principle of this assay is that enzyme* ptesscnt in healthy, 
living cells may turn an oxidiied dye into its reduced form which can be 
photometrically detected, whereas the unhealthy cell* or dead cells 
lacking the enzymes are unable to turn the dye into the reduced form. 
This assay can therefore distinguish health cells from dead cells. The 
advantage and disadvantage of this assay 4 that it is quantitative but not 
qualitative. Any cell death, apoptotic Or necrotic, may be detected by this 
method. This assay will be complement* Uy used with the Hoechst dye 
assay in this study. 



Pr*pawu>n of gnomic DNA for egurota; gel anakm of DtfA 
fragmentation. Cultured cells (10 x I0 ft ) were digested by incubating with 
digestion buffer (10 mM Tris-HCI, pH 8.0 containing 100 mM NaCI, 25 
mM EPTA, 0.5% sodium dodocyl sulfate and 0.2 mfi/ml proteinase K) en 
50* C for 18 hr. Cell lysate was then extracted twice with phenol 
followtng by twice with phenol: chloroform (i:i) and twice with 
chloroform: ijoamyl alcohol (24:1). Genomic DNA was extracted from 
the aqueous layer by cold 100% cthanol after proteins were removed by 
phenol and chloroform extraction. DNA peilttt was rinsed for 5 minutes 
with 70% cold athanol. Ethanol was decanted or aspired and pellet was 
dried completely, DNA pellet was then resuspended in TE buffer and 
digested with 0.2 my/ml DNAase-frea RNAase. Genomic DNA was 
developed by 1% agarose gel at 55 vol w for 5 hr. Gel was stained by 
cthidium bromide (0.4 t&s/ml) for at least 30 minutes. 

Purification of dpOptOsis-inducing prpufui from the conditioned medium of 
10T//2 cells- HL-60 cells weec routinely used for the purification of the 
protein Inducing apoptosis in the conditioned medium of C3H10TI/2 
eelK The purification procedure includes: DE 52 anion exchange 
chromatography, hydraxytiipatite chromatography, heparin chromato- 
graphy and G-75 sizing chromatography. This purification procedure 
leads to the purification and sequencing of a homogeneous protein with 
a molecular weight cf 34 Kd on SDS-PAGE. The detail* of the 
purification and protein sequence will be reported somewhere else. 

Purification of apoptosis -inducing protein from J'M.xJi mOusc en\bryo. 
Twenty mouse embryos (5-15 day* after gestation) were chopped into 
small pieces and homogenated in 50 ml PBS by a blender. Supernatant 
w*s collected by centrixugation and treated with one volume of methanol 
containing 0.05% trifluoroacctic acid. Precipitation was removed by 
filtration. Supernatant was then concentrated and buffer was exchanged 
to 10 mM Tris-HCI r pH 7,5 by repetitive concentration by a molecular 
sieve. The apoptosis-inciucing activity was further purified by a 
procedure includes: Q2 anionic exchange chromatography, reverse phase 
chromatography and canonic exchange chromatography. 

Purification of apoptosis-inductng prouin from fetal bovine serum, LNCaF 
cells were routinely tibcd in the assays for the purification of apoptosis- 
inducing protein present in fetal bovine serum. The apoptosis-inducing 
protein was purified by the following procedure: (1) Ammonium sulfate 
precipitation. (2) Hydroicylapatitc treatment. (3) Heparin agarose 
treatment (4) Reverse phase chromatography. The purity of tho isolated 
apoptosis- inducing protein was dctermintd by a SDS-polyacrylamide gel 
stained with silver Staining. A single protein band with molecular weight 
Of 65 Kd was obtained (Figure 2). Thit protein band was translered to 
PVDF membrane and N-tcrrninal amino acid sequence was determined. 

Purification offctuin from feral bovine sanmt. Bovine fctuin was prepa/cd 
by a modified Spiro method (9). 

(I) Two hundred milliliters of O.05 M zinc acetate containing 30% (V/V) 
cthanol was added to One hundred milliliters of fetal bovine serum 
(FBS), pH was adjusted to 6.4 by 1 M NH 4 OH- NRiCl. Let stand for 15 
hours at -5*G (2) Collected the supernatant by cemrffugation. added i.O 
M barium acetate and 95% echunoi to give 0.03 M barium acatata, 25% 
ethanol. Let stand for 2 hr at -5"C. (3) Collected the supernatant by 
ccntrifugatioa, added 95% etbanol to give 40^ cthanol. Lex stand far to 
hr at -10*C (4) Collected the precipitate by ccntrifugation. Dissolved 
tho pellet by phosphate buffer saline (PBS). Free zinc acetate and 
barium acetate were removed by repetitive concentration through a 
molecular seive against 20 volumes of PBS for 4 times. The modified 
Spiro method distinct* from tho original Spiro method in that not 
extensive dialysis nor chelating agent (Trisodlum Citrate) treatment 
were used in our preparation. The purified fctuin showed a single 
protein band with apparent molecular weight of 65 Kd on SDS-P AGE. 

Preparation of Zn*charj>td fetaJ fetuuu The fetal fetuin isolated from fetal 
bovine serum by the modified Spiro method was incubated with hiyh 
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Tabic I. ApOptosi$4jiducin$, activity of the conditioned media of various ceS tints, 



Cell Une tested (% apoptocii) 



CortH it {on ed medium 




HI^60 


A172 


LNCkP 


MDA 


Hcp3B 


C3JH ivn/2 


(Mousewhole embryo) 


92% 


1% 


87% 


2% 


1% 


p.y 


(Mouse embryonic carcinoma) 


85% 


81% 


2% 


1% 


38% 


SVT2 


(Mouse embryo) 


87% 


76% 


3% 


2% 


55% 


FHS 


(Human whole embryo) 


$5% 


1% 


\% 


2% 


34% 


WSI 


(Human fatal akin) 


60% 


Xl% 


28% 


9% 


33% 


CCDlUCbN 


(HurujinfcUl colon fibroblast) 


2% 


1% 


2% 


1% 


1% 


NIH3T3 


(Mouse embryo) 


4% 


1% 


i% 


2% 


5% 


Coft-1 


^AduJt monkey Iddney) 


Z% 


\% 


3% 


2% 


4% 


BUD-8 


(Adult human skin) 




2% 


5% 


3% 


2% 


BT-549 


(Adult human breast) 


2% 


3% 


7% 


2% 


2% 


A431 


(Adttl! human Skin) 


3% 


Z% 


7% 


2% 


2% 


NRK-49T 


(Adult rat xjdney) 


2% 


1% 


6% 


,3% 


2% 


WEHI-274.1 


(Adult mouse awr\ocytt) 


5% 


2% 


1% 


3% 


2% 


PC-12 


(Adult rat ehcochromocytoiriji) 


3% 


2% 


5% 


3% 


2% 



concentration of zinc acetate (0.25M) at roam temperature tor 1 hr. The 
unbound mete) ion was then removed by repetitive concentration, by a 
molecular sieve against 20 volumes of PBS for 4 times. 

Preparation of mature fetubu The mature femin was prepared by the 
same method for fetal retain preparation, except that adult bovine 
&emm, instead of fetal serum, was used for the preparation. 

Cn vivo, tumor animal study ( P3S8 leukemia model). Forty DBA/2 
female mice (17-20 {rams) kept on a standard diet and water ad 
libitum were innoculated with tumor cell line P388D1 (ATCC; 
CCL46). Freshly harvested tumor celli were diluted with saline. One 
million cells were injected Imraperiteneally, The mica were randomly 
segregated into group* of 10 and housed in &boe box cage*. Zn- 
charged fetal feruin was intraperitoneal injected into group I (1 
mg/Kg), group n (10 rog/Kg) ana Group XII (1Q0 mg/Kg). A control 
group (group IV) was included and injected with saline on the days 
that the tested animals were treated. The injection were continued for 
10 days. Mortalities' were recorded dairy. Results are expressed ag the 
percentage increase in life span(ILS): 

^ lOOxMedbn life Span TreatccVModianL^ 
UfoSpanCofaYollcd 

In vivo, rumor animal study (PC -3 prostate cancer model). Male nude mice 
(25-30 g) were used in this study. The prostate adenoewcinoma cell; PC- 
3 (2 million cells) were injected on the upper half of the dorsal thorax of 
the mice. The tumors were allowed to grow for 6 weeks. The mice m the 
control group (no treatment) received 0.1 ml saline mtraperitanealty for 
5 days and the mice in the Created group received 50 mg/Kg fetuin. 
Treatment started the day after tumor inoculation for 5 days. Six weeks 
after the inoculation of tumor, mice were sacrificed and tumors were 
weighted. 



Results 

(1) The conditioned media of embryonic cell lines contain 
apopwsis-inducing activity. To test the hypothesis that embryo 
may secret apoptosfe-inducing proteins, we tested whether 
apoptosis-inducing activity can be detected in the conditioned 
medium of cell line derived from embryo. The conditioned 
medium prepared as described in Materials and Methods was 
concentrated 20 fold and buffer was whanged to the same 
growth medium as that of the individual tested cell line by a 
molecule sieve. The tested cell line was incubated with the 
concentrated conditioned medium for 15 hr. The apoptosis 
assay were performed by Hoechst dye staining as described. 
The apoptotic cells were identified by DNA condensation 
and/or DN A fragmenution, which was demonstrated by a 
more intense fluorescent • light of the nucleus and the 
breakage of nucleus, respectively. As shown in Table X among 
the seven cell lines derived from embryo (cell hnel-7), the 
conditioned media of five embryonic cell lines (C3H10T1/2, 
F-9, SVT2, FHS and WSI) contain activity causing DNA 
condensation and fragmentation. None of the conditioned 
media of the seven cell lines derived from adult tissues 
contains the same activity. 

(2) The extract of fresh mouse embryo also contains apoptcnis- 
inducing activity. To further test the notion that embryo may 
secret apoptosis-inducing protein, we tested whether 
apoptosia-inducing activity can be detected in fresh embryo 
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HL-60, Control 




60 + Fresh mouse emdryo extract 

Figure i.Apopiosis i'tUuced in HI 60 cells by she apaptosh-indttCMg protein iy>Uttctt fn»n ffttsh mouse embryo. Tim 0pt>pt*isi.f-indttcin£ protein (3W/i$/rttt) 
Muted frvtn mouse embryo f5-i5 days fifltr Ration. PelFn£) »™ incubated widt tctf* fur 15 to: The assayed medium *°*^|S8S{ ^ 

experimental) coniubis SQfytfrvmh medium. 50% PBS W f&s. Cell? were vuincd with Hoecixsi dye 3325$ (0, 1 >£/m/j» for 2 hr and i»<^^3tmdera 
fluorescence microscope. 
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extract. The supernatant of ra ethanoU treated embryo 
homogenace was found to contain an activity inducing 
apoptosis in HL-60 cells- This activity has been partially 
purified by a procedure described as in Materials and 
Methods. A protein with apparent molecular weight of 60 Kd 
has been obtained. As shown in Figure 1, this protein induced 
DNA condensation and fragmentation in HL-60 cells. 
However, LNCap and MCF-7 cells were not affected by this 
protein, suggesting the selectivity of inducing apoptosis of this 
protein (data not shown). 

(3) The fetal bovine serum also contains apoptosis-inducing 
activity. We further tested whether fetal semm also contains 
apoptosis-inducing activity. When fetal bovine serum was first 
fractionated by treating with 60% saturated ammonium 
sulfate, an apoptosis inducing activity was found in the 
resolved pellet of the ammonium sulfate treatment. Using 
HL-60 and LNCaP cells, this activity was purified to 
homogeneity by a procedure as described in Materials and 
Methods. As shown in Figure 2, a protein with molecular 
weight of 65 Kd was obtained. The N-tenninal amino acid 
sequence of this protein (I-P-L-D-P-V-A-G-Y-K) reveals that 
it is a protein called Tetuin"— a fetal protein functions to 
control embryogenesis. 

(4) Characterization of the apoptosis -inducing activity secreted 
by embryo. The above results showing that apoptosis-inducing 
activity can be found in embryonic cell lines, fresh embryo 
extract and fetal serum suggest that embryo may secret 
apoptows-inducing factors. For the purpose of characterizing 
the apoptosis-inducing factor secreted by embryo, we focus on 
tbo study of the apoptosis-inducing factor secreted by C3H 
10TV2 cell line and fetal fetuin found in fetal serum based on 
the following reasons: (1) the conditioned medium of C3H 
10T1/2 cells contains highest apoptosis-inducing activity. (2) 
the identification of fetuin as the apoptosifc inducing protein 
present in fetal serum enables us to study embryonic 
apoptosis-inducing protein on the molecular level 
Furthermore, the availability of fetuin (a abundant fetal 
protein) enables us to study this protein on cellular level and 
animal level as well. 

(4.1) Characterization of the poptosis-inducing activity secreted 
by C3H 1012/2 celh; a 54 Kd protein selectively induced 
apoptosis in cancer • without affecting normal cells. To 
characterize the conditioned medium of C3H 10T1/2 cells, 
HLrGO cells grown in 100 |U RPMI 1640 containing 20% fetal 
calf serum were incubated with 50 jil of 20 fold concentrated 
conditioned medium (buffer was exchanged to RPMI) for 15 
hi. The characteristic of apoptosis .was observed both 
morphologically and biochemically in up to 80% of the HL-60 
cells. Figure 3 shows the biochemical characteristic of HI^60 
cell undergoing apoptosis induced by the conditioned 
medium of C3H 10T1/2 cells. In Figure 3(A), genomic DNA 
was extracted from the HL-60 cells incubated with control 



medium (20 fold concentrated non-conditioned medium that 
has been exchanged to RPMI medium). In Figure 3(B), 
genomic DNA was extracted from the HL-60 cells incubated 
with conditioned medium (20 fold concentrated, exchanged to 
RPMI medium) for 15 hr. A so-called "DNA ladder" was 
observed, suggesting the induction of apoptosis on HLr60 
cells by the conditioned medium. The apoptosis-inducing 
activity found in the conditioned medium of C3H 10TU2 cells 
is heat and proteinase K sensitive, suggesting the protein 
nature of this activity (data not shown). HL-60 cells were 
routinely used for the purification of the protein inducing 
apoptosis in the conditioned medium of C3H 1CT1/2 cells. As 
shown in Figure 4, an apoptosis-inducing protein with a 
molecular weight of 54 Kd on SDS-PAGE has been obtained. 
The N-terminal sequence (19 amino acids) of this protein has 
been determined and was found not to match any known 
protein on BLAST seracb. The amino acid sequence of this 
protein will be reported elsewhere. To further characterize 
the 54 Kd protein, various cell lines were incubated with a 
control medium or the purified 54 Kd protein (250 [igtal) for 
15 hr and then stained with Hoechst dye for 2 hr . As shown in 
Figure 5, the nuclei of the cells that have been incubated with 
the control medium were normal and intact (Figure 5), 
However, the nuclei of the HI^60, UNCaP and JEG-3 cells 
that have been incubated with the conditioned medium 
showed the characteristics of apoptosis. First, the conditioned 
medium caused the condensation of nucleus, which was 
demonstrated by the more intense fluorescent light compared 
with the control nucleus in Figure 5. Secondly, the nuclear 
condensation was accompanied by the fragmentation of 
DNA, which was demonstrated by the breakage of nucleus as 
shown. Strikingly, while the 54 Kd protein strongly induced 
apoptosis on the three cancer cell lines: HL-60 (human 
promyelocyte leukemia), LNCaP (human metastatic prostate 
adenocarcinoma) and JEG-3 (human choriocarcinoma)! the 
three normal eel) lines: NSF-5 (Factor dependent 
hemopoietic cells), CCD 39 Lu (human normal lung 
fibroblast) and CCD 18 Co (human normal colon) were not 
affected by the 54 Kd protein (Figure 5). The apoptosis- 
inducing selectivity of the 54 Kd protein was then 
systematically tested on 12 cancer cell lines and 12 normal cell 
lines using the Hoechst dye staining and MTS assays, We 
found that among the 12 cancer cell lines tested, LNCaP 
(human metastatic prostate adenocarcinoma), HL-60 (human 
promyelocyte leukemia), G-401 (Wilm's tumor), Hep G2 
(hepatocarcinoma), T-84 (colon carcinoma), JAR (human 
choriocarcinoma) and JEG-3 (human choriocarcinoma) are 
highly sensitive (>9Q% apoptosis) to this protein. Whereas, 
HS-294T (melanoma), epitheloid carcinoma (HeLa) and Hep 
3B (hepatocarcinoma) are moderately (20- 40% apoptosis) 
affected by this protein. A172 (glioblastoma) and CaLu-1 
(Jung carcinoma) ate not affected by this protein. On the 
other hand, none of the 12 normal cell lines we tested is 
affected by this protein. These normal cell lines include: lung 
fibroblast, normal prostate, foreskin fibroblast, bone marrow, 
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(A) (B) 



— 65 KD 




— 54 Kd 



#11 



Figure 2, SDS-pofyaCrytamide gel electrophoresis 
of purified apopiosh*inducing protein from fetal 
bovine serum. The apoptosis-inducing protein 
was purified by the proctoture as described in 
Materials and Methods from fetal bovine scrum. 
prtMein sample (20ngtn 20 pi) was dissolved by 
■f-20% gradient get and Silver Stained. In a 
separated run, about 200 ng of protein sample 
was run on gel and stained with Coomassie blue. 
The prvtvin band was then transfavd to a PVQF 
membrane and terminal amino acid sequence 
was determined. An amino acid Sequence off-P- 
I'D-P-y-A-Q-Y-K^vas obtained. 



Figure X Agarose gel (2%) electrophoresis of 
DNA extracted from cultures of HL 60 cells 
incubated wid* the CofuTdioncd medium of CSH 
WTJ:2 cell*. HL-60 cells (10* celts) frown in 
petri (fish (WOX 15 mm) were Incubated with 
(A) control buffer (RPMl containing 10% f&S) 
or (B) the condltioi\ed medium (MEM. x 20, 
exchanged to RPML containing 10% ?B$) for 
25 hr. CetLf wvtf then collected and digested by 
incubating with digestion b\tffer 10 mM Trts- 
HCI, pH SM contttming W%mMNaCL 25 mM 
EDTA, 0.5?» sodium dodecyl sulfate and 0.2 
m$fml prtfteinase K) at 50'C for 18 hr, Ceil 
tyxate was then extracted twice with phenol 
fbliawed f>\ twice with phenol: chloroform (1:1 
) and wive with chloroform; isoamyt akohoi 
(24:1). Qentnnk- ONA was extracted from the 
aoucoits layer by cold !00% etkanol after 
proteins urnr removed by phenol and chorofnrm 
extraction. ONA pelfct was rinsed for 5 mbiute 
with 70 r /e cold cthunoL Ethanol was aspired 
and pellet was dried completely. ONA pellet was 
then rtsnspvmfed tn TE buffer and digested with 
0.2 mg/mt of DNAase- free RfVAase. Genomic 
OSA wus developed by 2% agarose gel at 55 
volts [Or 5 hr. Cef was stained by ethiditvn 
bromide {0.4 pa'- mi) fotat least 30 minutes. 



Figure 4. SDS-pofyacrytamide gel eUciropfiorette 
Of purified bp OplOshi- inducing protein from the 
conditioned media of CSH 10TII2 The apo- 
ptosis-tnduci/ig protein was purified by the pro- 
efdunts as described in Materials and Methods 
from the conditioned medium. Protein sample 
{20 pi) was dissolved by 4% gradient gel and 
Silver stained. In a separated run. about 200 ng of 
protein sample was run on gel and stained with 
Coomassie blue. The protein band was then 
transfered to a PVDF membrane and N -terminal 
amino acid sequence was determined 
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mm 



HL-60, Control 




HL-60 54Kd protein 




LNCaP, Control 



LNCaP-54Kd protein 




JEG-3, Control 



JEG-3+54 Kd protein 



Figure 5. The S4 Kd protein induced apeptorix on comer C eti &t*< »irhotu affixnsq normal atlt tines The fwhrnng veil Una incubated with the ^^P***} 
bok&tjbm the conditioned medium o/C3H tQTHZeeli* (WfigfmL d'i&olwd m PBS) Jrr hhr, 17k assayed medium (both canroi and expeAmenmt) conkiins *™r 
Ztv*th nuxliwn. 50% PBS a/id 7-10% FBI Cells were stained with HoccJist dye 332S8 (0.1 a^/ml) for 2 hr and inspected under a fluorescence rruavscepe Ce&wah 
charatterisiks of DMA condensation cfrt&nentalioti w<*r quantified tts described in Matrdafs and Methods. Cantor t*U W* HI -60 (leukemia). LNCaP (pjuta* 
cancer) and JEC^S (choriocarcinoma) tformai a£ lines: NFS-5 (hemopoietic prqp Attar <rfo> CCD 39 Lu (fon§ffcvokvt) undCCb ISCo {Cob"-) ,"v;^v> 
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Figurt 6. Induction ofapoptosis on turner (1-12) and normal (13-24) cell Unit toy the 54 Kd protein isolated from conditioned medium ofCJH 20TJ/2. The 
following cell lines were incubated with the UK4 proton isolated from the conditioned medium of C3H 10TJ& esUs (250 ugfmi dissolved in PBS) for 15 hr. 
The assayed medium (both control and toparimemal) contains 50% growth medium, 50% PBS and 7*10% FB$, Cells wens stubbed with Noechst dye 33258 
(O.J ugfml) for 2 l\t and inspected under it fluorescence microscope. Cells with characteristics of DMA condensation or fragmentation were quantified as 
described in Materials and Methods. Tumor ceil lines; 1. Choriocarcinoma (JAR) 2* Leukemia (HL-4Q). 3. Wilms tumor (G-401). 4. Choriocartinama 
(JEG3). 5. Prostate cancer (LNCAP). b\ HepatocarcinOma (Hep G2).7. Colon carcinoma (T84). & Melanoma (HS- 294T). 9. Epithelioid carcinoma 
(HeLa).lO. Hepatocarcinoma (Hep 3B\. U. Glioblastoma (A 172). 12. Ijutig carcinoma (CaLu- I). Normal cell lines: 13. Human lung fibrobhsi (CCD 
39 LV). 24 % Human lung (Wt-38). 13. Human fbrexktn fibroblast (HS-27). 16, Human foreskin fibroblast (HS-68). 17. Hat vascular smooth muscle (Sid). 
18. Rat bone marrow (MB). 19. Hemopoietic progenitor cells (32 OC3). 2d Hemopoietic progenitor cells (32 JX223). 21 Pre-3 cell leukemic factor 
dependent (HFS- 5), 22. Normal prostate (E2.4). 23. Factor dependent hemopoietic ceUs SLP).24. Factor dependent hemopoietic cell ($RT 003). 
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Figure 1. The 54 Kd protein induced apoptosis in a dose-dependent 
manner. The 54 kd protein was purified as described in Materials and 
Methods. After the buffer was changed to PBS by repetitive concentration by 
a molecule sieve, the 54 Kd protvin (2 pM) was incubated with LNCaP 
cells for 25 hr Ceds were then stained by Hoechst 33258 (Ol 7 ugfml) for 2 
hr and inspected tinder a fluorescence microscope. £acn data represents the 
avenstge of three assays. 
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Figure 8. Fetuin induced apoptosis in various cancer cell lines. Fetuin was 
purified by a modified Spiro method as described in Materials and Methods. 
After the buffer hw changed to PBS by repetitive concentration* by a 
molecule sieve, fetuin (250 figfml) was incubated with cultured ceds for 20 
hr. Cells were then stained by Hoechsi 33258 (O.J u^/ml) for 2 hr and 
inspected under a fluorescence microscope. Eaclx data represents the 
average of three assays. * Trace amount of Zn and 9ft may remain in the 
fetuin preparation. All the cell lines are not affected by Zn or 3a alone at aU 
the concentrations tested (up to 66 uM), 
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(G) CCD 39 Lu + control (H) CCD 39 Lu + Fetuin 




(I) WI 38 + control (J) WI 38 + Fetuin 




(K) CCD 18 Co -l- control (L) CCD 18 Co + Fetuin 



Figure 9- The effect of fetuin on various ctil hies. The fetuin (2 jtM) pu/ified by a modified Spiro method was incubated waft the fbflatving ceil lines: 
LNCaP (A end B), ML-6V fC and D), Colo 2Q5 (E end F), CCD $9 Lu (G and H>, CCD 18 Co (f and J) and Wl 38 tK and L) for IS kr. Cell* wen thw 
siaintd by HotchSt 332S8 (O.J ftg/ml) for 2 hr and inspected under a fluorescence microscope. 
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Za-Vttuin 



Ba-Fbtuln P*S-COnCr«l 



Piyurc 11). Inducthn of apoptos'a w LNCaP celts by fetuin, Zu-charged 
fetuiti and Ba-clturged ft ruin. Tfte fetuin (5 pM) purified by a modified 
Spiro method was ittcubated with zinc acetate or barium acetate (0.2? M) 
at room temperature far I hr. Free ions were removal by repetitii'C 
concentration against 10 volumes of PBS three timet T Fetuin. Zn-char$ed 
fetuin. Ba-ehanjed fetuin and PBS were then separably incubated widi 
LNCaP cells for <J hr. Percentage of ceils under apoptosis was determined 
by HoecJm dye staining and confirmed fry MTS assay. £ach data represents 
the ai erttftc of two assay?. * Zn-eharged or Ba-charged fetuin may contain 
fre<t Zn Or 8a. All die cell lines art not affected by Zn or 8a atone at all the 
concentrations tested (up so 66 pM). 




Figure 1 1. Fetuin induced apoptosis in a date-dependent manner. Feudn 
h^w purified by a modified Spiro method as described in Materials and 
Methods. After the buffer was changed to PBS by repetitive concentration b) 
tt molecule iieve. fetuin (2 pM) WAS incubated with LNCaP cells for 6 lir. 
Cells Htrr then stained by Hoech&t 3325$ (0. 1 fighnl) for 2 hr and inspected 
under a fluorescence microscope Each dita represents the average ofth>ve 
Assays. 



Table II. L&50 of fnnunnnduced ap$p*o$U in wrious cell fines. 



hemopoietic progenitor cells and primary vascular smooth 
muscle cells (Figure 6). This result suggests that the 54 Kd 
protein isolated from the conditioned medium of C3H 10T1/2 
cells selectively induced apoptosis in cancer without affecting 
normal cell lines. The 54 Kd protein was found to induce 
apoptosis in a doss-dependent manner. As showa in Figure 7, 
various concentrations of the 54 Kd protein were incubated 
with LNCaP cells for 15 hr. The 50% lethal dose (LD50) was 
determined to be 0.6 uM. 

(4.2) Characterization of (he apoptaus-inducint* activity in fetal 
bovine serum: identification of fetal fetuin as a ptvtein selectively 
induced apoptosis in cancer without affecting normal cells. As 
shovm in Figure 2. the apoptosis -Inducing protein isolated 
from fetal bovine serum has a N-teruiinal amino acid 
sequence of (I-P-l-D-P-V-A-C-Y-K), which by GenBank 
BLAST search, is identified to be that of fetal bovine fetuin. 
To further confirm that bovine fetuin per se contains 
apoptosis-inducing activity, we tested the fetuin purified from 
fetal bovine serum by a modified Spiro method. As shown in 
Figure 8, the fetuin purified by a modified Spiro method 
strongly induced apoptosis in certain cancer cell lines such as: 
LNCaP (human metastatic prostate adenocarcinoma). PC-3 
(human prostate adenocarcinoma), HL-60 (human pro- 
myelocyte leukemia). MCF-7 (human breast adenocarci- 
noma), Colo 205 (human colon carcinoma) and Calu-1 
(human lung carcinoma). Non-cancerous normal cell lines 



Celt line? 



LD50 



LN'CaP 




PC-3 


I \jM 


Colo 205 


5mM 


Calu-1 


4uM 


HL-60 


5 nM 


MCF-? 


SpM 


Hep C2 




CCD 39LU 


> 100 JaM 


CCD ISCo 


> 100 nM 


W| 33 


> lOOpM 



Various concentration of 2n-chargcd ferutn prepared as dwerjbed in 
Fig. H wer« incubated with eel! lincJ tot 6 hr. The assay conditiod waJ W 
described in Fj£. y, % of cell undec apoptosis was determined w** 
determined by Hoechst dye staining and confirmed by MTS iswy. The 
concentration of 2n-ch«irgcd fetuin for the induction of 50% of cells 
under apoptOiis (LD 50) was determined. Each data rcpr«*tflts the 
average of three assays. 
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10 Minutes 20 Minutes 40 Minutes 60 Minutes 80 Minutes 100 Minutes 

Figure 11 Time course of d*e induction ofapoptOsis in Cdncrr ceil lines. Zinc<har$cd fetuin (5 uM) prepared as described in Figure 3 was incubated With 
cell lives. At various time interval, ceiis under apeptosis (cell shrinkage and DHA condensation) wetv determined by Hoechst dye training and inspected 
under a fluorescence microscope. Each data rtprtstnts the Average oft wo assays. 




fetal Fenfe 



FttS-GNUroJ 



Figure .13. FetaL but not mature fetuin contains apoptosis-inducing 
activity. Fetutns were separately purified from fetal bovine scrum or 
mature bovine serum by a modified Spiro method as described. Equal 
amount of feud or matutv fetuin (5 piM) was incubated with LNCaP 
ceils for )5 hr. Percentage of cells under apoptosis was determined by 
Hoechst dye staining and confirmed by MTS assay. Each data represents 
iht average of two assays. 



Table III. Effect of fetal fetuin m PS88 leukemia animal model Forty 
DBA/2 female mite { 27-20 grams; Simonsen Laboratories, Jnc> Gilray, 
CA) kept on a standard diet and water ad Hbaum were irtrwculated with 
tumor all line P3S8D I (ATCC CCL46), The mice were randomly 
segregated mo groups Of 20. Zn<harged fetal fetuin (iOmgjml) prepared as 
described in Materiait und methods wert intraperitoneal injected into group 
/ (0.002 mLfmouse, make up to 0,5 ml), group IU (0.02 mLf mouse, make 
up to 0.5 mi) and group III (0.2 mJUmowe, make up to 0.5 ml). A control 
group (group IV) was injected vsith 0,5 mi saline cm the days thai the tested 
animals wert treated. The injections were continued for JO dctyz. Mortalities 
were recorded daily for 60 days. Results art esayressed as the percentage 
increase in life span (ILS): 

^ 100 x Median life Span Twated - Median Life Sp« Controlled 
life Spin Controlled 



Group 


Mo. Miec 


Dose 


Survivor* 
(day) 


(ILS) Increased 
UfeSpan 


I 


'lO 


0.002 ml 


1(31) 


29 # 


n 


10 


0.02 nil 


1(29) 


17,2% 


m 


10 


0,2 mJ 


ft (58) 


141 % 


rv 


1.0 


0.5 ml saKu« 


0(24) 
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Control 



Fetuin 




Figure 14, Fetuin completely inhibited prostate ameer formation in PC*3 prostate cancer made! in mice, Male nude mice (25-30 g) were inecuhted with 
PC'3 cells as described in Materials end Methods, Six weeks after the inovidution of tumor, nude mkt wens sacrificed and tuition were weighted. While 
tumors (overage weight ^325 mg) developed in IS of IB mice in the controi group (treated with saline), none of the 9 mice treated with fetuin (5Q mgJKg) 
developed any tumor. 



such as: WJ-3S (human normal Jung fibroblast), CCD 39 Lu 
(human normal lung) and CCD 18 Co (human normal colon 
fibroblast), on the other hand, are not affected by fetuin. The 
morphological demonstration of the induction of apoptosis in 
caoceT cell lines by fetuin is shown in Figure 9. The 
incubation of fetuin (2 pM) results in the condensation and 
fragmentation of DNA, which are demonstrated by a more 
intense fluorescence light and breakage of nuclei, respectively 
(Figure 9B, 9D and 9F). Normal cell line, Wt-38, CCD 39 Lu 
and CCD 18 Co, as ahown in Figure 9G-Figure 9L, are not 
affected. 

(4.3) Zinc is an important factor for the apoprosfrinducmg 
activity of fetuin. The fetuin isolated by the modified Spiro 
method, which involved zinc precipitation followed by 
barium treatment was incubated with high concentration of 
zinc acetate (0.25 M) or barium acetate (0.25 M) at room 
temperature for 1 hr, The unbound metal ion was then 
removed by repetitive concentration by a molecular sieve 
against 20 volumes of PBS for 4 times. The Zn- charged or 
Ba-chargcd fetuin were then tested in LNCaP cell*. As 
shown in Figure 10, Zn-charged fetuin strongly and rapidly 
induced apoptosis with an activity higher than that of the 
originally uncharged fetuin. The induction of apoptosis in 



LNCaP cells by Zn*charged fetuin is so strong and rapid 
that almost 100% of LNCaP cells were under apoptosis in 4 
hr. On the other hand. Ba-charged fetuin failed to show any 
activity inducing apoptosis in LNCaP cells. The same result 
is obtained in an assay using Colo 205 cells. This result 
Suggests that Zn is necessary for fetuin to induce apoptosis. 
Substitution of Zn by barium completely abolished the 
apoptosis- inducing activity of fetuin, As shown in Figure 
11, Zn-charged fetuin Induced apoptosis in various cancer 
cell lines in a dose-dependent manner. The LD 50 of fetuin- 
induced apoptosis in each cell line is shown in Table 
TI. the relative sensitivity of cancer cell lines to fetuin is: 
LNCaP = PC-3>Calu-l>HL-60>Colo205>MCF- 
7>HcpG2 t whereas the three normal cell lines: CCD 39 Lu, 
CCD 18 Co and Wi-38 seem to be Insensitive to 2n-chafged 
fetuin. Figure 12 showed the time course of the Induction of 
apoptosis in tumor cells by Zn-charged fetuin. We found 
that Zinc* fetuin rapidly induced apoptosis in cancer cell 
lines. 

(4.4) Fcta/ } but not mature fecuw contains apopunis-inducing 
activity, fetal fetuin and mature fetuin isolated from fetal 
bovine serum and mature bovine serum respectively, were 
tested on LNCaP cells. We found that the fetuin isolated 
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from fetal bovine serum strongly induced apoptosis in LNCaP 
cells, whereas, the fettrin (at the same protein concentration) 
isolated from mature bovine serum showed no activity 
inducing apoptosis (Figure 13), This result may suggest the 
molecular change of fetuin during development. 

(4.5) Ann-k'uhemia effect of fetal fetuin in mice. Table III 
showed the increase, of survival of leukemia-bearing mice 
treated with fetal fetuin. It was found that while 100% of 
untreated mice (injected with saline) were dead after 24 days, 
80% (8 out of 10) of mice injected with high dose (100 
rag/Kg) of fetal fetuin survived after 53 days. This experiment 
showed that the treatment of fetal fetuin increased the life 
span of p3$8 leukemia-bearing mice by 141%, 

(4.6) Fetuin completely inhibited prostate cancer in mice, Male 
nude mice (25-30 g) were used in this study. The prostate 
adenocarcinoma cell; PC-3 (2 million cells) were injected on 
the upper half of the dorsal thorax of the mice. The tumors 
were allowed to grow foi 6 weeks. The mice w the control 
group (no treatment) received 0.1 ml saline inuapexttoneally 
for 5 days and the mice in the treated group received 50 
mg/Kg fetuin. Treatment started the day after tumor 
inoculation for 5 days. Six week after the inoculation of 
tumor, mice were sacrificed and tumors were weighted. While 
tumors (average weight=325 rag) developed in 13 of 13 mice 
in the control group (treated with saline), none of the 9 mice 
treated with fetuin (50 mg/Kg) developed any rumor (Figure 
14). Fetuin seems to completely inhibit the formation of 
prostate cancer (PC-3) in this experiment. Preliminary 
toxicoiogical study showed that fetal fetuin has no toxicity in 
rats, mice and rabbits. No mortality was associated with high 
dose (250 mg/Kg) intraperitoneal administration of fetal 
fetuin in rats. Microscopic examination of the liver, kidney, 
spleen, lung and intestine of the mice treated with fetal fetuin 
(250 mg/Kg) showed no apparent abnomality of these organs. 
The I. V injection of the fetuin (250 rug/Kg) in rabbits did not 
result in any differences between the control group and 
experimental group in the following physiological parameters: 
body temperature, body weight, blood urea nitrogen, 
cholesterol levels, white blood cell count, hemoglobin and 
hematocrit and the sizes of spleen and thymus. All of these 
results suggest the low toxicity of fetal fetuin (data not 
shown). Fetal fetuin may therefore be developed as a 
anticancer agent 

Discussion 

In the embryo, apoptosis (programmed cell death) is as 
essential as cell division and cell differentiation in properly 
regulating cell populations, organ formation and overall body 
shape (1-6). Ihie to the necessity of the above biological 
purposes, apoptosis is a highly active biological event 
occurring in embryo. Glucksmann has enumerated 74 
separated examples of embryonic cell death in 1950 (7). The 



factors) that induce(s) the emimerous apoptosis event in 
embryo is unclear. To test the hypothesis that the highly 
active apoptosis event occurring in embryo is controlled by 
certain apoptosis-inducmg proteins secreted by embryo, we 
tested whether apoptosis-inducing proteins can be isolated 
from embryo. We have screened the conditioned media of 
various cultured cell lines and found that 5 out of 7 cell lines 
derived from embryo contain apoptosis-inducing activity in 
the conditioned medium, while none of the conditioned 
media of 7 ceU lines derived from adult tissues contains such 
an activity. Ar>optosis~mducing activity is also found both in 
fresh embryo extract and in fetal serum. These results may 
support our hypothesis that embryo may secret apoptosis- 
inducing factors. To further characterize the apoptosis-indu- 
cing activity secreted by embryo, we have purified a 54 Kd 
apoptosis-indudng protein from the conditioned medium of 
C3H 10T1/2 cells (a cell line derived from mouse whole 
embryo), a 60 Kd protein from fresh mouse embryos and a 65 
Kd protein from fetal bovine serum. The N-tenninal 
sequence (19 amino adds) of the 54 Kd protein isolated from 
C3H IQT1/2 cells has been determined and was found not lo 
match any known protein on BLAST serach. On the other 
hand, the apoptosis-mducing factor present in fetal bovine 
serum was identified to be fetuin—a fetal protein functions to 
control embryogenesis. 

The identification of these two proteins enables us to study 
the embryonic apoptosis- inducing proteins on the molecular 
level Strikingly, we found that these two proteins selectively 
induced apoptosis in cancer without affecting normal cell 
lines. For example, the 54 Kd protein isolated from the 
conditioned medium of C3H 10T1/2 cell* induced apoptosis 
in 10 out of 12 cancer cell lines without affecting the 12 
normal cell lines we tested. This characteristic was also found 
in fetal fetuin. Fetal fetuin induced apoptosis in cancer cell 
lines such as LNCaP (human metastatic prostate adeno- 
carcinoma), PC-3 (human prostate adenocarcinoma), HL-60 
(human promyelocyte leukemia), Colo 205 (human colon 
carcinoma) and Calu-1 (human lung carcinoma). Normal cell 
lines such as: CCD 39 Lu (human normal lung fibroblast), 
CCD IS Co ( human normal colon) and (human lung 
carcinoma), on the other hand, were not affected, 

Fetuin was first identified over 5 decades ago (10). the 
present finding is the first report showing that fetuin may 
induce apoptosis. The main reason that the apoptosis- 
inducing activity of fetuin was not found before is that the 
biological activity of fetuin is largely affected by the method 
of preparation. For example, fetuin prepared by Zinc/Ethanol 
precipitation (Spiro method) is . able to induce alkaline 
phosphatase but fails to inhibit trypsin (11). Whereas, fetuin 
prepared by Pedcrsen method (10) is able to inhibit trypsin 
without inducing alkaline phosphatase (11, 12). In the present 
study, we prepared the fetuin containing apoptosis- inducing 
activity by a modified Spiro method, which, unKke the 
original Spiro method, no prolonged dialysis nor chelating 
agent such as trisodium citrate is used. Hence, the fetuin we 
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prepared may remain in a zinc-charged form. Furthermore, 
the apoptosis-inducing activity of the fctuin we prepared can 
be further enhanced by incubation with high concentration of 
zinc, whereas incubation of barium completely abolished the 
apoptosis-inducing activity of fetuin (Figure 9). Theses results 
suggest thai fetuin induced apoptosis in a zinc-dependent 
manner. The preparation of fetuin by Pederseri method (10) 
does not involve the treatment of zinc ion, hence, it is inactive 
in inducing apoptosis. 

Fetuin is expressed at very high levels through out the long 
gestational period of bovine and accounts for up to 50% of 
the total fetal serum protein (13). However, the concentration 
of fctuin in sheep and bovine serum drastically reduce in 
adult to 1-2% of the fetal level (14). Although the quanta 
tative change of fetuin during dcvelopmcnr seems to be 
obvious, .the qualitative change (if any) of fetuin during 
development is unclear. It is known that enzyme such as 
gamma-glutamyltransferase changes its structure and activity 
during development. Depending on the developmental stage, 
the gamma-glutamyltransferase exists in two different types 
with different activity: a sialic acid-rich fetal type and a sialic 
acid-poor adult type (15). In the present study, we found that 
fctuin isolated from fetal serum strongly induced apoptosis, 
whereas the fetuin Isolated from mature bos'ine serum is 
completely inactive:. This result suggests the possible qua- 
litative change of fctuin during development. Preliminary 
attemp to differentiate fetal fetuin from mature fetuin shows 
that they behave similarly on hydroxylapatite and anionic 
exchange chromatographies. However the elution profiles of 
fetal and mature fetuins on a Con A-Sepharose chroma- 
tography were found to be significantly different (unpublished 
observation). This observation suggests that h developmental 
change on the glycosylated state of fctuin, which affects its 
apoptosis-in during activity, may occur, the molecular diffe- 
rence between fetal and mature fetuins is currently under 
investigation. 

Fetuins are members of the cystatin superfamily of proteins 
possessing two tandemly arranged cystatin domains and a 
third domain rich in proline and glycine (13). Secondary 
modifications, N-glycosylation, O-glycosylation, ser-phospho- 
rylation, and proteolytic process! ng have all been described 
for a variety of fetuins from several species ( 16-19). Despite 
this wealth of information on the structure of fetuins, their 
biological function is still far from clear. Evidences suggest 
that fetuin may play an important role in embryonic deve- 
lopment; during mouse cmbryogenesis, fetuin mRNA is 
expressed in a number of developing tissues and organs, 
including the heart, Jung, kidney j nervous system and liver 
(14). In addition, fetuin mRNA is expressed in the developing 
limb buds of 12-day mouse embryos but not at 16 or 19 days 
of gestation (14). Furthermore, imjnunohistochcmical study 
found that the colloid material (aggregate of dead cells) of 
developing human pituitary gland contains fctuin throughout 
the first half of gestation (20). This finding prompted the 
suggestion that fetuin is part of a homeostatic system, which 
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Ftgure 15. Hypothesis of 'Retro diffvKntiationa/ Apoptosis Cancer Tiie- 
rapy' The ftypothesis is based on the following assumptions: Assumption 
- tmbrytmk cell (upper right) mm cr>nu\ot all f/itf machinery necessary for 
the tfeivtoptnunhfiiluted apopmb >WticJ> includes: extntceiluiar apoptosis- 
inducing protein*, cellular surface receptors mid the inrracwdUilar signal 
eransduciioH cascade. Assumption 2— Mtitwv erduti cell (icft) may lose the 
machinery (e.g. receptor) necessary for the deietjpfncnt-refated apoptosis 
during the process vf differentiation. Assumption 3— Cancer cell fiouw 
rigjhz}, ditt to t/i£ retro* (tijftrvuriationuf charttaenstic of malignancy, may 
regain the signal mtnxduction machinery fc.g. receptor) for development- 
related apoptosh* Hence, the embryonic npoptosis-inditclti" proteins may 
selectively huhtce apoptosis in cancer without affecting noma! cells and 
(henjfore may be developed as a nmvl cW of anti-e&nccr agent. 



controls remodelling and physiological cell death during 
development (20). In this regard, our current finding that 
fetuin contains apoptosis-in during activity seems to consists 
with the conclusion made by this immunohistochernical study. 

The two embryonic apoptosis-inducing proteins (the 54 Kd 
protein and the fetal fetuin) were found to induce apoptosis 
in cancer cell lines with ID 50s at 0.6-1 uM. These 
concentrations are about one thoasand fold higher than 
concentrations of active molecules like TNF or TGF-beta 
required for biological effects, including induction of 
apoptosis. Therefore, on the basis of the present analysis, a 
contaminant protein compr&og 0,1 percent of the total 
protein and being active like a cytokine might cause the 
biological effect. Hence, the possibility that the apoptosis- 
inducing .activity was caused by the minor undetectable 
components present in these protein preparations can not be 
ruled out- in this study, both highly enriched 54 Kd proteio 
and fetal' fetuin were used to determined the LD 50s, 
Although both proteins have been purified to be apparently 
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homogeneous and the bauds shown are certainty the major 
dominating component, bat it is not clear whether it exhibits 
the observed activity. The clarification of the true nature of 
the active moleccule needs further work. 

The availability of retain (an abundant fetal protein) 
enables us to test the effect of this embryonic apoptosis- 
inducing protein on animals Fetal fetuin was therefore used 
as a model molecule to test the effect of these fetal apoptosis- 
inducing proteins on rumor animal models. We found that 
fetal fetuin showed strong anti-cancer activity in both P388 
leukemia model and P- 3 prostate cancer model in mice. In 
the P388 leukemia model, we found that fetuin enhance 
survival rate by up to 141% in leukemia-beaxiug-raice. In PC- 
3 prostate cancer animal model, fetuin seems to completely 
inhibit the formation of prostate cancer in mice. 
Furthermore, Preliminary toxicological study showed that 
fetal fetuin has no toxicity in rats, mice and rabbits. 

Based on these observations, we hypothesized that 
embryonic tissues may secret certain apoptosis-inducing 
proteins that selectively induce apoptosis in cancer without 
affecting normal cells. This group of fetal apoptosis-inducing 
proteins may contain anti-cancer activity in animals and may 
be developed as a novel class of anti-cancer agent. 

The mechanism by which the 54 Kd protein and fetal 
fetuin selectively induced apoptosis in cancer without 
affecting normal cell is highly interesting. A working 
hypothesis has therefore been proposed to aid in the 
investigation of this observation. This working hypothesis is 
based on the following two weU known biological phe- 
nomena: (1) apoptosis is a highly active biological event 
occurring in embryo and hence embryonic tissues may 
contain all the machinery necessary for the initiation of 
apoptosis, (2) the tendency of cancer cells to expressed 
antigens which are otherwise known to be normally 
expressed by embryonic, but not by adult cells is well 
known and was termed as H Ret^o-diffexentiation ,, (21). 
Based on these two well known biological phenomena, we 
hypothesized that, for the purpose of regulating cell 
populations, organ formation and overall body shape, 
embryo may secret certain apoptosis-inducing proteins 
functioning to initiate development-related apoptosis in 
certain embryonic tissues. Adult mature tissues, in which 
development-related apoptosis is not longer needed, may 
shut down the gene expression of the signal transduction 
machinery for development-related apoptosis and hence 
may not response to these apoptosis-inducing proteins. 
Cancer cells, on the other hand, due to the retro-diffe- 
rentiational characteristic of malignancy, may regain the 
signal transduction machinery for development-related 
apoptosis, and hence may be sensitive to these apoptosis- 
inducing proteins. Therefore, the apoptosis-inducing 
proteins secreted by embryo selectively induces apoptosis 
in cancer but not in normal cells. In other word, in this 
hypothesis, we proposed that the selectivity in apoptosis 
induction is due to the differential expression of the signal 



transduction machinery for apoptosis between adult cells 
and malignant cells. We further proposed that, among the 
mechanisms for adult cells to shut down the apoptotic 
machinery, turning off the gene expression of cell surface 
receptors for the embryonic apoptosis-inducing proteins 
may be the most feasible one, since shutting off the 
intracellular signal transduction pathway for apoptosis may 
also shut off other biological functions commonly using the 
same intracellular signal transduction pathway, which is 
not a favorite for natural selection. A good example falls in 
the case of NGF. It is known that as embryonic deve- 
lopment proceeds, most neurons lost responsiveness to 
NGF. This is caused by the loss of NGF receptors during 
embryonic development (22). Hence it will be interesting 
to test whether the loss of the receptors of the embryonic 
apoptosis-inducing proteins on adult tissue results in the 
insensitivity of adult cells to these apoptosis-inducing 
proteins, and the re-expression of the receptors on cancer 
cells cause the sensitivity of cancer cells to the apoptosis- 
inducing proteins. Furthermore, as wc have found in this 
study, each apoptosis-inducing protein seems to specifically 
induce apoptosis In certain type of cancers. For example, 
the 54 Kd protein induced apoptosis in LNCaP, MCF-7 
and HL-60 without affecting Calu-1 cells and the 60 Kd 
protein isolated from fresh mouse embryo induced 
apoptosis in HL-60 without affecting LNCaP and MCF-7 
cells, whereas fetal fetuin induced apoptosis on all of the 
above cell lines. This finding may suggest that different 
cancer may express different receptors for the embryonic 
apoptosis- inducing proteins. The receptors for the 54 Kd 
apoptosis-inducing protein and fetal fetuin are currently 
under investigation in our laboratory. 

Due to the retro-differentiatlonai characteristic of mali- 
gnant cells, the embryonic apoptosis-inducing proteins may 
selectively induce apoptosis in cancer without affecting 
normal cells and therefore may be developed as a novel 
class of anti-cancer agent. Tbis new concept (Figure 15) 
may constitute a new approach for cancer therapy, which 
we tentatively designated as "Retro-difXersntiational 
Apoptosis Cancer Therapy* (R-ACT). 
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